Full-scale Burst Test and Finite Element Simulation of 32 Inch Oil Pipe with Girth Weld Defects  by Lei, Z.Q. et al.
 Procedia Engineering  130 ( 2015 )  911 – 917 
Available online at www.sciencedirect.com
1877-7058 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICPVT-14
doi: 10.1016/j.proeng.2015.12.240 
ScienceDirect
WK,QWHUQDWLRQDO&RQIHUHQFHRQ3UHVVXUH9HVVHO7HFKQRORJ\
)XOO6FDOH%XUVW7HVWDQG)LQLWH(OHPHQW6LPXODWLRQRI,QFK2LO
3LSHZLWK*LUWK:HOG'HIHFWV
=4/HLD-&KHQD);:DQJD:%;XDQD7:DQJD+<DQJD
aNational Engineering Laboratory of Transportation Safety of Oil & Gas Pipeline 
PetroChina Pipeline R & D Center, Langfang 065000, China 
$EVWUDFW
5HFHQWO\VHYHUDOOHDNDFFLGHQWVRFFXUUHGGXHWRJLUWKZHOGGHIHFWVLQORQJGLVWDQFHWUDQVPLVVLRQSLSHOLQHVRI3HWUR&KLQD7RDYRLG
SRVVLEOH IDLOXUH DFFLGHQWV LQOLQH LQVSHFWLRQVZHUH SHUIRUPHGRQ VRPH FHUWDLQSLSHOLQHV ,Q VRPHQHZEXLOW SLSHOLQHV D ODUJH
TXDQWLW\RIJLUWKZHOGGHIHFWVZHUHGHWHFWHG LQ WKH LQVSHFWLRQV0DQ\ILWQHVVIRUVHUYLFH ))6DVVHVVPHQWPHWKRGVKDYHEHHQ
SURSRVHGIRUYDULRXVNLQGVRIPHWDOORVVLQSLSHOLQHKRZHYHULWLVVWLOOGLIILFXOWWRREWDLQDFRQILGHQWDVVHVVPHQWRIJLUWKZHOG
GHIHFWV6HYHUDOW\SHVRIJLUWKZHOGGHIHFWVZHUHPDQXIDFWXUHGRQLQFKRLOSLSHLQWKLVVWXG\DQGIXOOVFDOHEXUVW WHVWVZHUH
SHUIRUPHGFRPELQHGZLWK'ILQLWHHOHPHQWVLPXODWLRQWRVWXG\WKHLQIOXHQFHRIJLUWKZHOGGHIHFWJHRPHWU\RQWKHIDLOXUHSUHVVXUH
7KHVHGHIHFWVZHUHPDQXIDFWXUHGZLWKGLIIHUHQWRSHQLQJZLGWKDQGRULHQWDWLRQ$IWHUIXOOVFDOHEXUVWWHVWVWKHUHDOPRUSKRORJ\RI
WKHJLUWKZHOGGHIHFWVZHUHH[DPLQHGE\IUDFWXUHDQDO\VLV7KHGHIHFWGDWDDQGH[SHULPHQWDOUHVXOWVZHUHREWDLQHGDQGXVHGWR))6
DVVHVVPHQW ZKHUH ))6 PHWKRGV LQFOXGHG $3,  %6 0LOOHU .DVWQHU HWF (UURU DQDO\VLV UHVXOWV ZHUH LOOXVWUDWHG E\
FRPSDULQJWKHH[SHULPHQWDOGDWDDQGWKHDVVHVVPHQWUHVXOWVDQGVXJJHVWHGWKDWIUDFWXUHIDLOXUHVKRXOGEHFRQVLGHUHGIRUJLUWKZHOG
GHIHFWVDVVHVVPHQWLQDFRQVHUYDWLYHYLHZDWODVW
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHRUJDQL]LQJFRPPLWWHHRI,&397
Keywords:IXOOVFDOHEXUVWWHVWSLSHOLQHLQWHJULW\JLUWKZHOGGHIHFWILQLWHHOHPHQWPHWKRG
,QWURGXFWLRQ
5HFHQWO\ VHYHUDO OHDN DFFLGHQWV RFFXUUHG GXH WR JLUWKZHOG GHIHFWV LQ ORQJ GLVWDQFH WUDQVPLVVLRQ SLSHOLQHV RI
3HWUR&KLQD$W\SLFDODFFLGHQWRIJLUWKZHOGFUDFNLQJZDVVKRZQLQ)LJZKLFKWRRNSODFHLQRQ0R'DRLO


&RUUHVSRQGLQJDXWKRU7HOID[
E-mail address:OHL]KHQJTLDQJ#\HDKQHW
© 2015 The Authors. Published by Elsevier td. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICPVT-14
912   Z.Q. Lei et al. /  Procedia Engineering  130 ( 2015 )  911 – 917 
SLSHOLQH ,W EHFRPHV DQ XUJHQW LVVXH WR LQVSHFW DQG DVVHVV WKHVH JLUWKZHOG GHIHFWV WRPDNH FRUUHVSRQGLQJ UHSDLU
VXJJHVWLRQV
,QOLQHLQVSHFWLRQVRIWULD[LV0)/LVDQHIIHFWLYHZD\WRGHWHFWWKHJLUWKZHOGGHIHFWVLQWKHSLSHOLQH>@)LJ
VKRZV W\SLFDO VLJQDOV RI JLUWKZHOG DQRPDO\ZLWK WULD[LDO0)/ LQOLQH LQVSHFWLRQ 7KH ORFDWLRQ RI WKH GHIHFW LV
UHFRUGHGE\WKHLQVSHFWLRQWRROPHDQZKLOHLWVGHSWKDQGOHQJWKFDQEHREWDLQHGWKURXJKVL]LQJPRGHORQWKHVLJQDOV
+HUHLQWURGXFHWKHSDSHUDQGSXWDQRPHQFODWXUHLIQHFHVVDU\LQDER[ZLWKWKHVDPHIRQWVL]HDVWKHUHVWRIWKH
SDSHU7KHSDUDJUDSKVFRQWLQXHIURPKHUHDQGDUHRQO\VHSDUDWHGE\KHDGLQJVVXEKHDGLQJVLPDJHVDQGIRUPXODH
7KHVHFWLRQKHDGLQJVDUHDUUDQJHGE\QXPEHUVEROGDQGSW+HUHIROORZVIXUWKHULQVWUXFWLRQVIRUDXWKRUV
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FRQVLGHUHG WKH UHWDLQHG VWUHQJWK RI WKH UHVLGXDOZDOOWKLFNQHVV WKH GLIIHUHQFH ZDV LQ WKH FRQVLGHUDWLRQ RI
DPSOLILFDWLRQIDFWRUGXHWREXOJLQJ6LPLODUPHWKRGVSHUIRUPZHOOIRUJLUWKGHIHFWVZLWKZLGHRSHQLQJ+RZHYHUVRPH
JLUWKZHOGGHIHFWVFUDFNVKDYHPXFKVPDOOHUZLGWKLQGLFDWLRQRIGHIHFWVJURZWKRUFUDFNVH[WHQVLRQFDQEHIRXQGLQ
VRPHOHDNDFFLGHQWVDWJLUWKZHOGGHIHFWV7KXVWKHIUDFWXUHEHKDYLRULVFRQVLGHUHGLQWKHODWHVWDVVHVVPHQWPHWKRGV
VXFKDV%6>@%6FRQVLGHU WKHSODVWLF IDLOXUHDQG WKH IUDFWXUHEHKDYLRURI WKHJLUWKGHIHFWVE\ IDLOXUH
DVVHVVPHQWGLDJUDP)$'7\SLFDO)$'LVVKRZQLQ)LJ)$'FXUYHLVFRQWUROOHGE\(TZLWKORDGUDWLRLUDQG
WRXJKQHVVUDWLRKUZKHUHLULVWKHUDWLRRIORDGVWUHVVWR\LHOGVWUHVVDQGKULVWKHUDWLRRI6WUHVV,QWHQVLW\)DFWRUKWR
IUDFWXUHWRXJKQHVVK0DW
  PD[
PD[
   H[S  
 
r r r r r
r r r
L L K L L
L L K
ª ºd    ¬ ¼
!
ᰦˈ
ᰦˈ
 

DQQXODU
UDGLDO
D[LDO
913 Z.Q. Lei et al. /  Procedia Engineering  130 ( 2015 )  911 – 917 
7DEOH3ODVWLFFROODSVHVROXWLRQVIRUWKHEODVWLQJSUHVVXUHRIWKHSLSHZLWKJLUWKGHIHFW
0HWKRG 'HSWKRIGHIHFW
&LUFXPIHUHQWLDO
H[WHQVLRQRIGHIHFW %ODVWLQJSUHVVXUH
.DVWQHU d
t
d
  d c
t D
K E
S
   
     
 
  VLQf
tP SMYS
D
K S E K
KS K E
 ª º¬ ¼ 
 

0LOOHU d
t
d d c
t D
K E
S
  
    VLQ FRV
 f
tP SMYS
D
K ESKESª º§ · « »¨ ¸© ¹¬ ¼

$3,
>@ 
d
t
d d t c
t D D
K W E
S
   ˈ ˈ
      
    
A W W K W W K WK
W W
         
   

DUFFRV VLQ psi A E  
       
 f
t psiP SMYS
D
W K E W K W
S W
         



7RVWXG\WKHDSSOLFDELOLW\RIGLIIHUHQWDVVHVVPHQWPHWKRGVDQGWKHLQIOXHQFHRIJLUWKZHOGGHIHFWJHRPHWU\RQWKH
IDLOXUHSUHVVXUH IXOOVFDOHEXUVW WHVWVZHUHSHUIRUPHGZLWK WKHSLSHOLQH FRQWDLQLQJGHIHFWV DQG' ILQLWH HOHPHQW
VLPXODWLRQZDVHPSOR\HGWRIDLOXUHDQDO\VLVLQWKLVSDSHU
([SHULPHQWSURFHGXUH
7KHIXOOVFDOHEXUVWWHVWVRILQFKRLOSLSHZHUHSHUIRUPHGLQRXUWHVWLQJJURXQGDQGWKHWHVWHGSLSHVZHUHWDNHQ
IURPWKHUHSODFHGSLSHOLQHRI3HWUR&KLQDDVVKRZQLQ)LJ)LJDVKRZVWKHSKRWRRIDIXOOVFDOHEXUVWWHVWRI
LQFKRLOSLSHDQGWKHWHVWHGSLSH;LVPLQOHQJWKZLWKWKHQRPLQDOWKLFNQHVVRIPPDVVKRZQLQ)LJE
7KHJLUWKZHOGGHIHFWZDVDUWLILFLDOO\PDFKLQHGDWWKHERWWRPRIWKHJLUWKZHOGIRUWKHWHVWHGSLSH7KHNJZHLJKW
XSSHUWKHWHVWHGSLSHZDVXVHGWRLQWURGXFHWKHEHQGLQJORDGDVVKRZQLQ)LJFWKXVWKHERWWRPRIWHVWHGSLSHKDG
WKHPD[LPXPD[LDOVWUHVVDQGWKHIDLOXUHFRXOGVWDUWIURPWKHJLUWKZHOGGHIHFW
:KHQWKHIXOOVFDOHSLSHKDGEHHQIL[HGZLWKWKHZHLJKWLQQHUSUHVVXUHZDVLQFUHDVHGE\ZDWHULQMHFWLRQZLWKWKH
PD[LPXPSUHVVXUHRI03D7KHQWKHWHVWHGSLSHZDVFXWLQWRVOLFHVIRUIUDFWXUHDQDO\VLVDVVKRZQLQ)LJDQGWKH
GHWDLOVRIWKHGHIHFWZHUHUHH[DPLQHGE\RSWLFDOPLFURVFRSH$OVRVRPHWHQVLOHVSHFLPHQVZHUHWDNHQIURPWKHEURNHQ
SLSHIRUWHQVLOHWHVW


)LJ6L]HRI)XOOVFDOHEXUVWWHVWHGSLSHD3KRWRRIIXOOVFDOHEXUVWWHVWRILQFKRLOSLSHEVL]HRIWKHWHVWHGSLSHF)(0VLPXODWLRQ
RIWKHWHVWHGSLSH
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)LJ7KHWHVWHGSLSHZDVFXWLQWRVOLFHVIRUIUDFWXUHDQDO\VLV
([SHULPHQWUHVXOWVDQGGLVFXVVLRQ
$OORIWKHWHVWHGSLSHVEURNHIURPWKHGHIHFWZLWKOHDN7\SLFDOSKRWRVRIOHDNIURPWKHJLUWKZHOGGHIHFWDUHVKRZQ
LQ)LJ$OOWKHOHDNIDLOXUHVSUHVHQWFKDUDFWHULVWLFRIGXFWLOHWHDULQJE\WKHIUDFWXUHVXUIDFHDQDO\VLV
7KUHHWHQVLOHVSHFLPHQVZHUHWDNHQIURPWKHWHVWHGSLSHERWKIRUEDVHPDWHULDODQGZHOGPHWDO$VVKRZQLQ7DEOH
WHQVLOHWHVWVVKRZWKDWWKHPLQLPXP\LHOGVWUHVVRIWKHWHVWHGSLSHEDVHPDWHULDORIWKH;SLSHLV03DZKLFK
LVPXFKORZHUWKDQ03DDVWKHUHTXLUHGPLQLPXPYDOXHLQ$3,63(&/$QGWKH0LQLPXP<LHOG6WUHVV0<6
RIWKHZHOGPHWDOLV03D7KHGLIIHUHQFHIRUWKHZHOGPHWDOLVWKDWLWKDVWKHVWUHQJWKSODWHDXLQWKHVWUHVVVWUDLQ
FXUYHZKLOHWKHWHQVLOHVWUHQJWKIRUWKHEDVHPDWHULDOLVPXFKKLJKHUWKDQLWV\LHOGVWUHVV7KHHORQJDWLRQUDWHLVKLJKHU
WKDQZKLFKLQGLFDWHVWKDWERWKWKHWZRPDWHULDODUHZLWKILQHGXFWLOLW\7KHPLQLPXPDEVRUEHGLPSDFWZRUN&Y
LV-IRUWKHZHOGPHWDOZLWKWKHDYHUDJHYDOXHRI-DWϨ&
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7DEOH'HWDLOVRIWKHGHIHFWVDQGEXUVWLQJSUHVVXUHRIWKHWHVWHGSLSH
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7KHEXUVWLQJSUHVVXUHIRUWKHWKUHHSLSHLV03D03DDQG03D7KHWRWDOEHQGLQJVWUHVVRIWKHZHLJKW
DQGWKHSLSHLWVHOILV03DZLWKWKHDGGLWLRQRID[LDOVWUHVVE\EXUVWLQJSUHVVXUHWKHEXUVWLQJVWUHVVIRUWKHWKUHH
SLSHLV03D03DDQG03DUHVSHFWLYHO\$VVKRZQLQ7DEOHXOWLPDWHIDLOXUHVWUHVVFDOFXODWHGE\.DVWQHU
0LOOHUDQG$3,HTXDWLRQVLVFRPSDUHGZLWKWKHH[SHULPHQWDOEXUVWLQJVWUHVVZKHUH0<6LVGHWHUPLQHGDV03D
IRU;%\WKHFRPSDULVRQRIWKHH[SHULPHQWDOUHVXOWVDQGWKHDVVHVVPHQWUHVXOWVLWLVVHHQWKDWWKHH[SHULPHQWDO
EXUVWLQJVWUHVVLVDOZD\VKLJKHUWKDQWKDWRI.DVWQHU0LOOHUDQG$3,PHWKRGVWKHUHODWLYHHUURUVDUHZLWKLQ
WKHVHIDFWVLQGLFDWHWKDWSODVWLFIDLOXUHDVVHVVPHQWVE\.DVWQHU0LOOHUDQG$3,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